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INTRODUCTION 


The  arc  bend-chord  support  sample  has  been  proposed  for  standardization 
with  ASTM  (ref  1).  This  specimen  is  ar,  arc-shaped  specimen  loaded  in  three- 
point  bending  with  the  support  loads  resting  on  a  chordal  cut  of  a  cylinder. 
Figure  1  is  a  schematic  of  the  arc  bend-chord  support  specimen.  The  stress 
intensity  factor,  crack-mouth-opening  displacement,  and  load-line  displacement 
have  been  developed  for  this  specimen  {ref  2).  Wide  range  expressions  for  the 
stress  intensity  factor  and  crack-mouth-opening  displacement  have  also  been 
developed  (ref  2).  These  expressions  are  valid  in  the  range  of  a/W  ^  0.2, 
however,  this  restriction  is  not  an  inconvenience  when  performing  fracture 
toughness  or  fatigue  crack  propagation  tests. 

A  group  within  ASTM's  committee  E-24  has  been  formed  to  study  the  behavior 
of  short  cracks.  One  of  the  specimens  being  considered  is  the  arc  bend-chord 
support  sample,  since  many  of  the  components  tested  are  tubular  products.  To 
use  the  arc  bend-chord  support  sample  for  short  crack  testing,  a  new  wide  range 
expression  is  necessary  that  is  applicable  for  short  crack  lengths  for  both  the 
stress  intensity  factor  and  for  the  crack-mouth-opening  displacement. 

ANALYSIS 

To  develop  the  short  crack  limits  for  the  stress  intensity  factor  and  the 
crack-mouth-opening  displacement  for  any  two-dimensional  crack  problem,  the 
Wigglesworth  stress  intensity  factor  solution  (ref  3)  and  the  Paris  application 
of  Cast igl iano ' s  theorem  (ref  4)  are  used.  For  the  stress  intensity  factor,  the 
limit  •'  s 

1  i  m  K  =  1.12  oi/na  ( 1 ) 

a-0 


1 


where  K  is  the  stress  intensity  factor,  a  is  the  crack  length,  and  a  is  the 
value  of  the  normal  stress  at  the  surface.  For  crack-mouth-opening  displace¬ 
ment,  the  limit  is 


lim  A  =  5.83  ~  (2) 

a-0  E 

where  A  is  the  crack-mouth-opening  displacement,  E'  is  the  elastic  modulus  (E) 
for  plane-stress  or  E/(l-v  - )  for  plane-strain,  and  v  is  Fo-sson's  ratio. 
Similarly,  the  limits  for  the  stress  intensity  factor  and  crack-mouth-opening 
displacement  can  also  be  determined  for  the  case  of  the  crack  approaching  a 
through-thickness  crack.  The  limit  for  the  stress  intensity  factor  is  -non 
Wi ’son's  solution  (ref  5),  and  the  crack-mouth-ODening  displacement  can  be 
determined  using  the  Paris  treatment  (ref  4)  once  again. 

The  deep  crack  limit  for  the  stress  intensity  factor  is 


lim  K  =  3.975  -------- 

a-W  (W-a)3/2 


(3) 


where  M  is  the  applied  moment  per  unit  thickness  (B)  and  W  is  the  specimen 
width,  "or  the  crack-mouth-opening  displacement,  the  deep  crack  limit  is 


lim  A 
a-W 


15.8 


_ M _ 

E~ (W-aj^ 


(J) 


using  Eqs.  (1),  (2),  (3),  and  (4)  and  some  algebraic  manipulation,  we 
develop  nondimensional  forms  of  both  the  stress  intensity  factor  and  the  crack- 
mouth-opening  displacements  that  approach  both  the  short  crack  and  the  deeD 
crack  limits  correctly.  The  numerically  determined  stress  intensity  factor  and 
crack-mouth-opening  displacement  can  then  be  normalized  using  the  proper  forms 
developed  and  interpolating  polynomials  can  be  fitted  to  the  numerical  solutions 
as  well  as  the  limiting  solutions. 
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For  the  arc  bend  specimen,  there  are  two  other  variables  that  must  be 
accounted  for.  These  are  the  span  (S)  used  and  the  effects  of  curvature  as 
represented  by  the  radius  ratio  (r^/^).  As  shown  in  Reference  2,  the  effects 
of  span  cannot  be  accounted  for  simply  with  the  limiting  solutions.  Therefore, 
two  separate  expressions  were  fit  to  the  two  proposed  standard  spans  (span  tc 
width  ratio  (S/W)  of  3  or  4)  for  either  the  stress  intensity  factor  or  the 
crack-mouth-openi ng  displacement.  The  same  expressions  are  also  used  in  this 
report.  The  curvature  effect  is  accounted  for  by  the  short  crack  limit  solu¬ 
tions  that  involve  the  surface  stress.  At  mid-span,  the  arc  bend  specimen  is 
subjected  to  loading  such  that  the  surface  stress  is  a  pure  bending  stress.  The 
shear  stress  at  the  surface  is  zero.  Using  the  solutions  for  a  curved  beam  sub¬ 
jected  to  pure  bending,  this  surface  stress  can  be  determined  as  (ref  5) 

P(S/W) (l-r1/r2)2{l-ri2/r22-21n(r2/r1) ) 
a  -  - 4 - 4--  (5) 

3W( ( 1-ri /r2 ) 2-4r^2/r22 1 n2 (r2/r1) ) 

Using  Eqs.  (1),  (3),  and  (5),  the  normalized  form  of  the  stress  intensity 
factor  that  has  finite  limits  as  the  crack  approaches  both  zero  length  and 
through-thickness  is 

_  =  [1  +  g(r1/r2)h(a/W]f (a/W)  (6) 

P(S/w)/a/w 

The  numerical  stress  intensity  factor  results  from  Reference  2,  the  limit 
solutions  outlined  above,  and  the  numerical  results  for  the  three-point  bend 
specimen  (r^/^  =  1)  (ref  7)  are  presented  in  Table  I  for  S/W  =  4.  Table  II 
gives  the  stress  intensity  factor  results  from  Reference  2  and  the  above  limit 
solutions  for  S/W  =  3.  The  normalized  solutions  in  the  tables  lead  to  the 
right-hand  side  of  Eq.  (6).  The  strongest  effect  of  rj/r2  occurs  when  the 
cracks  are  very  short.  This  curvature  effect  decays  to  zero  when  the  cracks 


K8/w( 
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approach  through-thickness.  Decreasing  r^/^  from  the  three-point  bend  case, 
(ri/r2  =  1).  has  a  tendency  to  increase  the  stress  intensity  factor  a  relatively 
small  amount  that  increases  as  the  specimen  becomes  more  curved.  Therefore,  the 
form  of  the  interpolating  polynomials  (Eq.  (6))  was  chosen.  With  this  form, 
g(ri/r2)  was  fit  to  account  for  the  maximum  curvature  effect  (a/W=0),  and  h(a/W) 
had  a  maximum  value  of  one  at  a/W  =  0  and  a  minimum  value  of  zero  at  a/W  =  1. 
Both  of  these  polynomials  can  be  obtained  by  least  squares  fitting  to  the  data 
reported  in  the  tables. 

For  S/W  =  4,  the  three  interpolating  polynomials  are 

g ( r 1 / r 2  )  =  0.832  -  1.376  r1/r2  +  0 . 544 ( r1/r2 ) 2 
h  ( a/W )  =  1.003  -  4.630  a/W  +  9.953(a/W)2  -  10 . 030  (a/W)  3  +  3.754(a/W)* 
f (a/W)  =  2.978  -  8.240  a/W  +  17.157(a/W)2  -  18 . 073 (a/W) 3  +  7.174(a/W)*  (7) 

For  S/'W  =  3,  the  interpolating  polynomials  are 

g(rx/r2)  =  1.035  -  3.238  rl/r2  +  2 . 938 ( rl/r2 )  2  -  1 . 005 ( r 1/r2 ) 3 
h(a/W)  =  1.000  -  6.740  a/W  +  22.224(a/W)2  -  36.295(a/W)3 
+  27 . 630(a/W) 4  -  7 . 820 (a/W) 5 

f (a/W)  =  2.978  -  10.366  a/W  +  32 . 196 ( a/W) 2  -  59.232(a,W)3 

+  55 . 797 ( a/W ) 4  -  20.378(a/W)*  (8) 

The  accuracy  of  these  polynomials  is  as  follows:  for  S/W  =  4,  better  than 
-  0.1  percent  at  a/W  =  0  and  :  0.9  percent  for  any  a/W  and  1  $  r^/r2  *  0.6;  ^or 
S/W  =  3,  better  than  -  0.1  percent  at  a/W  =  0  and  :  3.2  percent  for  any  a/W  and 
1  $  r i / r 2  *  0.4,  and  ;  1.2  percent  for  any  a/W  and  1  S  n  ,'r2  ^  0.6. 

cor  crack-mouth-opening  displacement,  the  normalized  form  that  has  finite 
’’imits  as  the  crack  approaches  both  zero  length  and  through-thickness  length  is 

iii/W)ll/Qi"  =  C1  +  9 ( r l / r2 ) h (a/W) ] f ( a/W)  (9) 
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The  numerical  results  from  References  2  and  7  and  the  limits  are  normalized 
in  accordance  with  Eq.  (9)  and  are  listed  in  Table  III  for  S/W  =  4,  and  the 
results  from  Reference  2  along  with  the  limits  for  S/W  =  3  are  listed  in  Table 
IV.  For  the  same  reasons  as  presented  above  for  the  stress  intensity  factor 
solutions,  the  form  of  Eq.  (9)  was  chosen.  The  interpolating  polynomials  for 
the  crack-mouth-opening  displacement  were  determined  in  the  same  manner  as  the 
stress  intensity  factor.  They  are 

For  S/W  =  4: 

9 ( r 1 / r 2 )  =  0.832  -  1.376  r1/r2  +  0 . 544 ( r1/r2  ) 2 
h ( a/W )  =  1.007  -  3.249  a/W  +  4.517(a/W)2  -  2.275(a/W)3 
f ( a/W )  =  8.747  -  25.576  a/W  +  66 . 722 ( a/W ) 2  -  93 . 010 (a/W) 3 

+  63 . 579 ( a/W) 4  -  16 . 509 ( a/W) s  (10) 

For  S/W  =  3: 

g(r1/r2)  =  1.035  -  3.238  r1/r2  +  2 . 938 ( r 1/r2 ) 2  -  1 . 005 ( r1/r2 ) 3 
h ( a/W)  =  1.001  -  4.974  a/W  +  10.425(a/W)2  -  8.340(a/W)3  +  1.885(a/W)« 
f (a/W)  =  8.741  -  28.100  a/W  +  75.198(a/W)2  -  93.686(a/W)3  +  41 . 800 ( a/W ) - 
The  accuracy  of  these  polynomials  is  as  follows:  for  S/W  =  4,  better  than 
:  0.1  percent  at  a/W  =  0  and  :  1.5  percent  for  any  a/W  and  1  $  r^/r2  $  0.6;  for 
S/W  =  3,  better  than  ^  0.1  percent  at  a/W  =  0  and  :  3.8  percent  for  any  a/W  and 
1  $  r i /r 2  >  0.4. 

CONCLUSIONS 

The  short  crack  limit  solutions  for  the  stress  intensity  factor  and  crack- 
outh-opening  displacement  for  the  arc  bend-chord  support  specimen  have  been 
derived.  This  lim  t,  along  with  the  deep  crack  limit  and  the  numerically  deter¬ 
mined  values  of  these  same  parameters,  was  used  to  develop  interpolating 
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polynomials  for  a  wide  range  of  specimen  configurations.  These  polynomials  were 
specifically  developed  to  ensure  that  the  short  crack  limits  were  as  accurate  as 
possible.  Interpolating  polynomials  for  this  specimen  for  crack  lengths  custom¬ 
arily  used  for  fracture  toughness  testing  and  fatigue  crack  growth  testing  can 
be  found  elsewhere. 
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TABLE  II.  COMPARISON  OF  NORMALIZED  STRESS  INTENSITY  FACTORS  FOR  S/W 
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TABLE  III.  COMPARISON  OF  NORMALIZED  CRACK -MOUTH-OPENING  DISPLACEMENTS  FOR  S/W 


10 


TABLE  IV.  COMPARISON  OF  NORMALIZED  CRACK-MOUTH-OPENING  DISPLACEMENTS  FOR  S/W 


the  arc  bend-chord  support  specimen 


12 


TECHNICAL  REPORT  INTERNAL  DISTRIBUTION  LIST 

NO.  OF 
COPIES 


CHIEF,  DEVELOPMENT  ENGINEERING  DIVISION 

ATTN:  SMCAR-CCS-D  1 

-DA  1 

-DC  1 

-DM  1 

-DP  1 

-DR  1 

-DS  (SYSTEMS)  1 

CHIEF,  ENGINEERING  SUPPORT  DIVISION 

ATTN:  SMCAR-CCB-S  1 

-SE  1 

CHIEF,  RESEARCH  DIVISION 

ATTN:  SMCAR-CCB-R  2 

-RA  1 

-RM  1 

-RP  1 

-RT  1 

TECHNICAL  LIBRARY  5 

ATTN:  SMCAR-CCB-TL 

TECHNICAL  PUBLICATIONS  &  EDITING  SECTION  3 

ATTN:  SMCAR-CCB-TL 

DIRECTOR,  OPERATIONS  DIRECTORATE  1 

ATTN:  SMCWV-OD 

DIRECTOR,  PROCUREMENT  DIRECTORATE  1 

ATTN:  SMCWV-PP 

DIRECTOR,  PRODUCT  ASSURANCE  DIRECTORATE  1 

ATTN:  SMCWV-QA 


NOTE:  PLEASE  NOTIFY  DIRECTOR,  BENET  LABORATORIES,  ATTN:  SMCAR-CCB-TL,  OF 
ANY  ADDRESS  CHANGES. 


TECHNICAL  REPORT  EXTERNAL  DISTRIBUTION  LIST 


NO.  OF 
COPIES 

ASST  SEC  OF  THE  ARMY 

RESEARCH  AND  DEVELOPMENT 

ATTN:  DEPT  FOR  SCI  AND  TECH  1 

THE  PENTAGON 

WASHINGTON,  D.C.  20310-0103 
ADMINISTRATOR 

DEFENSE  TECHNICAL  INFO  CENTER 
ATTN:  DTIC-FDAC  12 

CAMERON  STATION 
ALEXANDRIA,  VA  22304-6145 


COMMANDER 
US  ARMY  ARDEC 

ATTN:  SMCAR-AEE  1 

SMCAR-AES ,  BLDG.  321  1 

SMCAR-AET-0 ,  BLDG.  351N  1 

SMCAR-CC  1 

SMCAR-CCP-A  1 

SMCAR-FSA  1 

SMCAR-FSM-E  1 

SMCAR-FSS-D,  BLDG.  94  1 


SMCAR-IMI-I  (STINFO)  BLDG.  59  2 

PICATINNY  ARSENAL,  NJ  07806-5000 

DIRECTOR 

US  ARMY  BALLISTIC  RESEARCH  LABORATORY 
ATTN:  SLCBR-DD-T ,  BLDG.  305  1 

ABERDEEN  PROVING  GROUND,  MD  21005-5066 

OIRECTOR 

US  ARMY  MATERIEL  SYSTEMS  ANALYSIS  ACTV 
ATTN:  AMXSY-MP  1 

ABERDEEN  PROVING  GROUND,  MD  21005-5071 

COMMANDER 
HQ,  AMCCOM 

ATTN:  AMSMC- IMP-L  1 

ROCK  ISLAND,  IL  61299-6000 


NO.  OF 
COPIES 

COMMANDER 

ROCK  ISLAND  ARSENAL 

ATTN:  SMCRI-ENM  1 

ROCK  ISLAND,  IL  61299-5000 

DIRECTOR 

US  ARMY  INDUSTRIAL  BASE  ENGR  ACTV 
ATTN:  AMXIB-P  1 

ROCK  ISLAND,  IL  61299-7260 

COMMANDER 

US  ARMY  TANK-AUTMV  R&D  COMMAND 
ATTN:  AMSTA-DDL  (TECH  LIB)  1 

WARREN,  MI  48397-5000 

COMMANDER 

US  MILITARY  ACADEMY  1 

ATTN:  DEPARTMENT  OF  MECHANICS 
WEST  POINT,  NY  10996-1792 

US  ARMY  MISSILE  COMMAND 
REDSTONE  SCIENTIFIC  INFO  CTR  2 

ATTN:  DOCUMENTS  SECT,  BLDG.  4484 
REDSTONE  ARSENAL,  AL  35898-5241 

COMMANDER 

US  ARMY  FGN  SCIENCE  AND  TECH  CTR 
ATTN:  DRXST-SD  1 

220  7TH  STREET,  N.E. 

CHARLOTTESVILLE,  VA  22901 

COMMANDER 

US  ARMY  LABCOM 

MATERIALS  TECHNOLOGY  LAB 

ATTN:  SLCMT-IML  (TECH  LIB)  2 

WATERTOWN,  MA  02172-0001 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH,  DEVELOPMENT,  AND  ENGINEERING 
CENTER,  US  ARMY  AMCCOM,  ATTN:  BENET  LABORATORIES,  SMCAR-CCB-TL , 
WATERVLIET,  NY  12189-4050,  OF  ANY  ADDRESS  CHANGES. 


TECHNICAL  REPORT  EXTERNAL  DISTRIBUTION  LIST  (CONT'D) 


NO.  OF 
COPIES 

COMMANDER 

US  ARMY  LABCOM,  ISA 

ATTN:  SLCIS- IM-TL  1 

2800  POWDER  MILL  ROAD 
ADELPHI,  MD  20783-1145 

COMMANDER 

US  ARMY  RESEARCH  OFFICE 
ATTN:  CHIEF,  IPO 
=.0.  BOX  12211 
RESEARCH  TRIANGLE  PARK,  NC 

DIRECTOR 

US  NAVAL  RESEARCH  LAB 
ATTN:  MATERIALS  SCI  &  TECH  DIVISION  1 
CODE  26-27  (DOC  LIB)  1 

WASHINGTON,  D.C.  20375 


NO.  OF 
COPIES 

COMMANDER 

AIR  FORCE  ARMAMENT  LABORATORY 
ATTN:  AFATL/MN  1 

EGLIN  AFB ,  FL  32542-5434 

COMMANDER 

AIR  FORCE  ARMAMENT  LABORATORY 
ATTN:  AFATL/MNF 

EGLIN  AFB,  FL  32542-5434  1 

METALS  AND  CERAMICS  INFO  CTR 
BATTELLE  COLUMBUS  DIVISION 
505  KING  AVENUE 

COLUMBUS,  OH  43201-2693  1 


1 

27709-2211 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH,  DEVELOPMENT,  AND  ENGINEERING 
CENTER,  US  ARMY  AMCCOM,  ATTN:  BENET  LABORATORIES,  SMCAR-CCB-TL , 
WATERVLIET,  NY  12189-4050,  OF  ANY  ADDRESS  CHANGES. 


